Introduction
============

Numerous beneficial effects of vegetables and fruits have convinced human populations to increase consumption of them. Due to the rich resources of fiber, protein, different kind of vitamins and vital mineral components, global demand for raw or lightly cooked vegetables and fruits have been dramatically increased ([@B1]-[@B4]).

From the public health point of view, consumption of raw vegetables enhances the risk of microbial infections, particularly in those regions with traditional agriculture ([@B5]-[@B7]). Furthermore, limited water resources, global human population growth and beneficial effects of wastewater for farmland, the importance of the refined sewage for recreational uses and irrigation of agriculture farms have been emphasized ([@B8]-[@B10]). United Nations (UN) estimated that at least 50 countries routinely use treated or raw wastewater for irrigation of the farmlands ([@B11]). It seems that high microbial contamination of downstream farms reflects increased use of wastewater for irrigation of vegetables ([@B12]).

Foodborne parasites are considered as worldwide public health concern that can easily contaminate the farms that routinely use wastewater for irrigation of vegetables and crops ([@B13], [@B14]). Therefore, UN has targeted effective wastewater treatment to improve both chemical and microbial quality of treated sewage that is used for either recreational or irrigation goals in the Target 6.3 of Sustainable Development Goals ([@B15]).

Although several studies have reported parasitic (protozoans, helminths) contamination of raw wastewater ([@B16]-[@B18]), there is not enough data about the parasitic pollution of treated wastewaters. According to the available data, although the great percent of microbial contaminations such as (oo) cysts and eggs of parasites are removed during treatment process, uncovered wastewater plant and draining canals can lead to secondary contamination due to access of animals ([@B19], [@B20]). On the other hand, this is well-documented that some (oo) cysts of parasites due to their tough wall are not totally eliminated during treatment process and thus would be concentrated in the treatment plant ([@B21], [@B22]). Therefore, remaining of pathogenic parasites during treatment process, secondary contamination of treated wastewaters (TW) resulted from animal access and also illegally irrigation of crops with raw sewage, increase the risk of contamination of the farmlands with parasites. The current study aimed to simultaneous investigate parasitic contamination of treated wastewater and downstream vegetable farms that are irrigated with treated sewage, during a year.

Methods
=======

**Treated wastewater samples**

This was a cross‐sectional study that was performed during Sep 2016 to Aug 2017. TW samples were taken after chlorination from a wastewater treatment plant (WTP) located at the south of Tehran city. The TW produced by this WTP is used for irrigation of about 80000 hectares of downstream vegetable farms. This WTP uses settling of solid materials at the first step and further treatment using activated sludge and disinfection of the TW with chlorine. TW samples were collected from one meter below the water surface according to routine quality control and microbial analysis of the TW every month for a year and temperature as well as pH of the samples at the time of sampling were recorded. TW aseptically collected in 7-Liter container and after recording the time of sampling, pH, temperature and the level of resituate chlorine, samples were immediately transferred to Parasitology Lab of foodborne and waterborne Diseases Research Center, Research Institute for Gastroenterology and Liver Diseases, Shahid Beheshti University of Medical Sciences, Tehran, Iran for further analysis.

**Vegetable samples**

Totally, 60 vegetable samples (5 samples from each farm) were collected from the selected farms near to the WTP that used TW for irrigation of crops ([Figure 1](#F1){ref-type="fig"}). In order to reduce the chance of bias, a trained technician took different kind of vegetables including parsley, mint, basil, chives and dill from 5 sections (approximately 200-400 gram from each section) of each farm during 24 h after taking TW specimen. Samples were not examined according to the kind of vegetable and different sections of farm. Vegetables were collected in sterile polyethylene bags and immediately transferred to the laboratory for parasitological studies.

![Schematic view of the sampling sites for vegetable and wastewater samples](GHFBB-11-352-g001){#F1}

###### 

Parasitic contamination of vegetable and TW samples according to season and month of the sampling

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Sampling time   Treated wastewater                                 Vegetables                                                                                                              
  --------------- -------------------------------------------------- ------------------------ -------------------------------------------------- ------------------------------------------- ----------------------
  Autumn          September                                          Free-living larvae       \-                                                 \-                                          \-

  October         Free-living Larvae                                 \-                       Free-living Larvae                                 \-                                          

  November        Free-living larvae                                 Amoeboid trophozoite                                                        \-                                          

  Winter          December                                           \-                       \-                                                 Egg of *Trichuris*sp., Free-living larvae   \-

  January         \-                                                 \-                       \-                                                 \-                                          

  February        \-                                                 \-                       \-                                                 \-                                          

  Spring          March                                              Egg of *Toxocara* sp,\   \-                                                 Egg of *Trichostrongylus* sp.               Amoeboid trophozoite
                                                                     Free-living larvae                                                                                                      

  April           \-                                                 Amoeboid trophozoite                                                                                                    

  May             \-                                                 Amoeboid trophozoite     Egg of *Toxascaris leonine*., Free-living larvae   Amoeboid trophozoite                        

  Summer          June                                               \-                       \-                                                 \-                                          \-

  July            \-                                                 \-                       \-                                                 \-                                          

  August          Egg of *Trichostrongylus*sp., Free-living larvae   \-                       Free-living larvae                                 \-                                          
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**TW Filtration**

All the samples were aseptically filtered using Six-Branch filtration system with vacuum pump 24 L/sec (Sartorious, Goettingen, Germany). In order to filtration of TW, sterile 47-mm cellulose nitrate membrane (Sartorious, Goettingen, Germany) with pore size 0.4 µm was employed in each run. Furthermore, a 2-L of sterile water was used as negative control in each working run. Afterwards, the filtered membranes were completely rinsed in 30 mL of sterile PBS and kept out at 4-8 °C for more precipitation for 24 h. Then, the samples were centrifuged at 5000 rpm for 20min, supernatant was discarded and the pellet was examined for parasitological study.

**Vegetable samples processing**

The total samples of each farm (approximately 1.5-2 kg) were weighted in 250 g portions and washed by 250 mL sterile PBS in a 2-L sterile container using vigorous agitation for 15 min. Then, the PBS rinsed materials were transferred to 2-L graduated cylinder and left for 24h at the room temperature. Afterwards, supernatant was discarded and the sediment was centrifuged at 5000 rpm for 20 min. Finally, supernatant was discarded and the pellet was introduced to the parasitology lab for further parasitological examination.

Parasitological tests were performed using Ziehl--Neelsen, conventional lugol's iodine staining and direct microscopical examination (×10 and ×40 objectives) for both vegetables and TW samples.

Results
=======

Based on our findings, parasites were seen in 5/12 (41.7%) vegetable samples. Among the positive samples, free living larvae, eggs of *Toxoascaris leonina*, *Trichuris*sp, *Trichostrongylus* sp and amoeboid trophozoite were seen in 33.33%, 8.33%, 8.33%, 8.33% and 16.66%, respectively. Fisher's Exact Test showed that although the number of contaminated vegetables in spring was more than other seasons, there was no statistically support for the correlation between season and parasitic contamination of the vegetables.

From total of 12 TW samples, parasitic contamination was observed in 7/12 (53.8%) of the samples. Free living larvae (41.7%), egg of*Toxocara*sp (8.33%), egg of *Trichostrongylus* sp (8.33%) and amoeboid trophozoite (25%) were seen in parasite-positive TW samples. Based on the results of parasitological analysis of TW samples, most of the contamination were observed in spring and autumn while there was not seen parasitic contamination in winter. Statistical analysis using Fisher's Exact Test represented significant correlation between season and parasitic contamination of TW (*P*\<0.05).

The statistical correlation between parasitic contaminations of vegetable samples with TW that was routinely used for irrigation of downstream farms was also investigated. Accordingly, Fisher's Exact Test showed that there was no significant correlation between parasitic contaminations of vegetable and TW with respect to seasonal change. The relevant data is summarized in [table 1](#T1){ref-type="table"}.

Although the precise quantity of parasites in TW samples was not intended, the number of observed parasites after filtration of 7-liters of TW, sedimentation of filtered samples, and several slide preparation was very low.

Discussion
==========

During the last decades, raw vegetables and fruits have been consumed as an important portion of dietary, all over the world ([@B23]). However, consumption of raw vegetables can increase the risk of gastrointestinal infections with broad spectrum of microbial agents including bacteria, viruses and parasites ([@B6], [@B24]-[@B26]). There are strong evidences signifying the role of raw and ready-to-eat vegetables in outbreaks, almost all over the world ([@B27]-[@B30]). However, it is well-established that illegally irrigation with raw wastewaters and even treated wastewater enhance the risk of contamination of downstream vegetables farms with enteric pathogens ([@B8]). Based on our best of knowledge, this is first study discussing simultaneous parasitic contamination of TW and downstream vegetable farms irrigated with TW according to the season.

The current study showed 5/12 (41.7%) of vegetable samples were seen contaminated with at least one parasite (helminth and/or protozoan). Although the number of samples of the current study was significantly lower than other researches, the results are in line with previous studies in Iran. Accordingly, Shahnazi *et al*represented that 37.6% of unwashed vegetables were contaminated with parasites while there was not seen parasitic contamination in those vegetable samples which were washed before examination ([@B31]). After that, Fallah and his team investigated parasitic contamination of washed and unwashed salad vegetables and showed that the contamination of unwashed group was significantly higher than washed group ([@B32]). Highly contamination of vegetable samples was then reported by Ezatpour and colleagues that showed 52.7% contamination of the vegetable samples with parasitic microorganisms ([@B33]). Although the prevalence of parasitic contamination of vegetables in the current study was in line with the most of studies in Iran, the prevalence of the contamination was similar or even higher than the studies performed in other countries. Ali Mohamed and colleagues in Sudan showed that from 250 vegetable samples, 35 (13.5%) were contaminated with parasites ([@B34]). In another study in Turkey performed by Adanir *et al,*eggs of helminthic parasites were observed in 7/111 (6.3%) of raw vegetables that were randomly collected from bazaar ([@B35]). The lower prevalence of parasites in these studies compared with our study is probably related to the place of sampling. In other words, in our study vegetable samples were gathered from the farmland, but in these studies the examined vegetable samples were from center markets and probably after pre-washing. Another probable scenario for this finding could be related to the usage of night soil and illegally irrigation with raw wastewater in the farms that were included in our study. Moreover, almost all of these investigations were cross-sectional epidemiological studies and therefore the number of gathered samples were significantly higher than ours. In addition, the value of each vegetable sample in the current study was between 1 to 2 kg while the mentioned studies only assessed 200 gr of vegetable samples.

The possible correlation between the contaminations of vegetables with season was also evaluated and showed that although most of parasitic contaminations of vegetables were observed in spring, there was not statistical significant association between parasitic contamination and season. This result might be due to increase of rainfall in spring and the consequent runoff that can transport enteric pathogens excreted by animals to the downstream vegetables farms ([@B36]).

As mentioned above, illegally irrigation of vegetable farms using raw wastewater as well as treated wastewaters running from uncovered canals can increase the possibility of microbial contaminations of downstream farms. Regarding this fact, parasitological analysis of treated wastewater showed contamination of 53.8% of TW samples with parasites. Couple of studies have indicated parasitic contamination of TW, all over the world. Ben Ayed and the colleagues showed that although sewage treatment eliminates a huge number of both parasitic helminths and protozoans from raw wastewater, the efficacy of this routine treatment process was not 100 percent ([@B37]). In the study practiced by Gupta *et al.*helminth eggs were recovered from 68.2% of TW ([@B38]). However, although the prevalence of parasitic contamination of TW of Gupta's study is near to the findings of the current investigation, the mentioned study was cross-sectional and thus did not give annual view of parasitic contamination in a WTP. There is little data of parasitic contamination of TW in Iran. Mahvi and Kia examined raw and treated wastewater samples for helminth eggs and stated that in spite of presence of helminth eggs in TW samples, the mean number of the eggs per liter met WHO guidelines to reuse TW for vegetable irrigation ([@B39]). In the current study, most of the parasitic subjects in TW samples were attributed to non-pathogenic parasites. Furthermore, the number of each parasitic material was not calculated, but the current findings notify the importance of this water resources as a contamination source of vegetables farms.

Another outcome of this study was no statistical significant correlation between the presence of parasitic agents in TW and vegetable samples according to seasonal change, despite the higher contamination of both TW and vegetable samples in spring in comparison with other seasons. Indeed, quantity of parasites was not precisely calculated, but after concentration the samples using filtration and then centrifuging of the filtered samples, the number of parasitic materials was very low even after several slide preparations of each sediment. However, despite the elimination of huge number of the parasitic cysts/oocysts/eggs during treatment process, increased level of rainfall may enhance the probability of contamination of vegetables and WTPs. This fact happens via bringing the parasitic cysts/oocysts/eggs to the downstream farms and/or increasing the load of TW systems. However, remained parasitic materials are more likely at the range of WHO guidelines for irrigation of vegetable farms ([@B40]).

Nevertheless, simultaneous presence of parasitic materials in TW samples as well as vegetable farms, which were irrigated with TW, indicates the importance of regular periodic quality control of water treatment process for parasitic contamination even though the number of the parasitic materials in WTPs be at the range of WHO guidelines.

Results of the current study indicated that it was seen parasitic contamination in both treated wastewaters and raw vegetables, which were irrigated with treated wastewaters. This finding suggests the importance of water resources that are applied for irrigation of vegetables, particularly in case of parasites that can remain infective during treatment process and transmit to downstream vegetable farms.
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